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(54) CLOSED CELL CULTURE SYSTEM 

(57) An object of the present invention is to provide 
a tissue cell culture system whereby a call tissue can be 
efficiently and quickly proliferated in vivo and the onset 
bacterial infection in an injured part can be avoided in 
the course of a treatment. More specifically, a closed 
cell culture system (1) characterized in that a defection 
(2) of a tissue on the body surface or inside the body is 



tightly sealed to form a closed environment free from the 
invasion of bacteria, etc. and then a solution appropriate 
for cell culture is circulated in the tissue defection thus 
sealed to thereby regenerate the defective tissue; and 
a method of administering a drug which comprises dis- 
solving a remedy in the perfusion with the use of the 
above system and thus promoting the treatment of the 
defection. 
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Description 

CROSS-REFERENCES 

[0001] The present invention relates to a system 
which causes cell tissue of an injured part to proliferate 
in vivo and induces tissue regeneration of the injured 
part. 

BACKGROUND 

[0002] Injured body parts have conventionally been 
treated by first removing foreign material and other un- 
necessary material from the injured part, then disinfect- 
ing with a disinfectant orthe like and covering the injured 
part with a wound dressing or the like appropriate for 
treatment in order to achieve self-regeneration of the 
skin through cell proliferation. However, self-regenera- 
tion of skin is plagued with such intractable problems as 
time-consuming healing, the occurrence of infections in 
the injured part and the like. 

[0003] In order to solve these problems, the method 
of tissue autotransplantation has recently been applied 
as aform of regenerative medical engineering, whereby 
cells near the injured part are collected and proliferated 
in vitro, and the desired tissue or organ is reconstructed 
outside the body and returned to the defection. Exam- 
ples relate to a cell culture system comprising a contain- 
er for cell proliferation medium and a wound dressing 
material system (for example, Japanese Patent KOHYO 
Publication 2001-507218), a cultured skin substitute 
comprising human fibroblast cells and a product effec- 
tive for wound treatment (for example. Japanese Patent 
KOKAI Publication No. 2002-200161) and the like. 
These methods are all effective when applied to flat tis- 
sues, but various problems remain to be solved, includ- 
ing the difficulty of culturing multiple layers of cells (for 
example, multiple layers of cells including epidermal 
cells and dermal cells) and the slow speed of cell prolif- 
eration. 

[0004] In the case of thick tissues, moreover, the cell 
take rate is not particularly high due to the different tis- 
sue structures of cells in the body and the difficulty of 
supplying oxygen or nutrients because of the lack of 
blood vessels. In addition, there are difficulties in the 
case of tissues and injured parts with complex three- 
dimensional solid structures, and it is impossible to pre- 
vent infections from occurring during treatment, so prob- 
lems which existed in the past still remain to be solved. 
[0005] With the foregoing in view it is therefore an ob- 
ject of the present invention to provide a tissue cell cul- 
ture system for regenerative medical engineering 
whereby a cell tissue can be efficiently and quickly pro- 
liferated on an injured part or in other words in vivo, and 
whereby the occurrence of bacterial infections in the in- 
jured part can be avoided during treatment. 
[0006] In orderto solve the aforementioned problems, 
the present inventor perfected the present invention as 



a result of exhaustive research when he discovered that 
it was possible to efficiently and quickly regenerate the 
tissue of a defection in situ by first removing necrotic 
tissue and other unnecessary material from the opening 
5 of the defection, embedding a bioabsorbable material in 
the defection space as afoundationforcell proliferation, 
closing the defection from the outside and circulating a 
solution appropriate for cell culture in the closed space. 

10 SUMMARY 

[0007] Consequently, the invention according to 
Claim 1 , which is the basic mode of the present inven- 
tion, is a closed cell culture system characterized in that 

15 a defection of a tissue on the body surface or inside the 
body is tightly sealed from the outside to form a closed 
environment free from the invasion of bacteria, and then 
a solution appropriate for cell culture is circulated in the 
tissue defection thus sealed to thereby regenerate the 

20 defective tissue. 

[0008] That is, the characteristics of the present in- 
vention are that the defection itself is sealed from the 
outside toform aclosedareaforperfusion of thesolution 
and prevent infection by bacteria, and that a solution ap- 

25 propriate for cell culture is then circulated in that area, 
and that continuous disinfection and cell culture can be 
accomplished by altering the components of the per- 
fusion as appropriate. 

[0009] Also, because cells ordinarily divide and pro- 
30 literate by adhering to a particular surface, a foundation 
to which the cells can adhere is needed for cell prolifer- 
ation. Cell proliferation is promoted in the present inven- 
tion by embedding a bioabsorbable material in the de- 
fection as such a foundation. Consequently, the present 
35 invention according to Claim 2 is a closed cell culture 
system which promotes regeneration of defective tissue 
cells by the embedding of a bioabsorbable material in a 
closed environment in the invention according to Claim 
1. 

40 [0010] Examples of such bioabsorbable materials 
which provided afoundation forcell proliferation include 
polyglycolic acid fiber, lactic acid glycolic acid copolymer 
fiber or sponge, glycolic acid caprolactone copolymer 
fiber, polylactic acid fiber or sponge, lactic acid caprol- 

45 actone copolymer, polycaprolactone fiber, polydioxane 
fiber, collagen fiber or sponge, gelatin sponge, fibrin fib- 
er sponge, polysaccharide fiber or sponge, tricalcium 
phosphate porous beads, calcium carbonate porous 
beads, hydroxyapatite and the like. 

50 [001 1] In the closed cell culture system of the present 
invention, a solution appropriate for cell proliferation is 
perfused in a cell culture in a closed environment so that 
cell proliferation can be accomplished effectively. Con- 
sequently, the present invention according to Claim 3 is 

55 a closed cell culture system whereby the solution appro- 
priate for cell culture in Claim 1 or 2 is serum isolated 
from the patient's blood, platelet concentrated serum, a 
blood preparation, a plasma fraction preparation, a 
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blood protein fraction component solution, a plasma ex- 
pander, an osmotic pressure isotonic infusion or a cell 
culture medium. 

[0012] Moreover, the present invention according to 
Claim 4 is a closed cell culture system whereby a cell 
proliferation environment appropriate to analgesia and 
disinfection of the defection and to each tissue to be re- 
generated is constructed and programmed by changing 
the components of the circulating solution at each stage 
of treatment. That is, in order for cell culture in the de- 
fection to be effective, the most effective closed envi- 
ronment for cell proliferation needs to established. Con- 
sequently, a characteristic of the present invention ac- 
cording to Claim 4 is that a cell proliferation environment 
suited to analgesia and disinfection of the defection and 
to each tissue to be regenerated can be easily construct- 
ed in response to these demands. 
[0013] Moreover, phi carbon dioxide partial pressure 
and oxygen partial pressure of the cell culture environ- 
ment each vary as the cells are cultured. Consequently, 
even if a solution of a composition appropriate for cell 
culture is circulated, the dosed environment still needs 
to be constantly maintained as an optimal environment 
for cell culture. To this end, it is desirable that the phys- 
ical factors of pH ; carbon dioxide partial pressure and 
oxygen partial pressure within the culture liquid of the 
closed environment be monitored by means of a sensor, 
the signal whereof is used to control a gas exchanger 
installed at the inlet of the culture environment, and the 
that gas partial pressure of the closed environment be 
adjusted in real time according to changes in the culture 
liquid so as to optimize the cell culture environment. To 
this end : the present invention according to Claim 5 is 
a closed cell culture system which incorporates at the 
inlet to the closed environment a gas exchanger 
equipped with a monitoring device which measures the 
pH, carbon dioxide partial pressure and oxygen partial 
pressure of the closed environment, and optimizes the 
cell culture environment by automatically adjusting gas 
concentrations based on signals from the monitoring de- 
vice. 

[0014] The present invention according to Claim 6 is 
a closed cell culture system wherein the pressure within 
the closed environment is continuously or intermittently 
controlled. That is, the pressure in the closed environ- 
ment can be varied by means of a pressure mainte- 
nance device for example, thus ensuring that the space 
is suitable for growth of nerve tissue or the like in a pos- 
itive pressure state, or promoting exudation of bodily flu- 
ids in a negative pressure state and thus promoting cell 
proliferation on the surface of an injured part. By apply- 
ing negative pressure intermittently, moreover, it is pos- 
sible to uniformly and efficiently replace the circulating 
liquid in the closed environment by means of a tempo- 
rary shrinkage in the volume of the closed environment. 
[0015] In the case of an extensive and severe bum ; a 
severe loss of body fluid moisture may occur at the in- 
jured part. Consequently, when the closed cell culture 



system of the present invention is used for cell culture 
of an injured part, the solution which is circulated as the 
perfusion must have its osmotic pressure adjusted so 
that the injured surface of the burn can be appropriately 

5 maintained. To this end, the present invention according 
to Claim 7 is a closed cell culture system equipped with 
a circuit for circulating a perfusion the osmotic pressure 
of which has been adjusted externally. 
[0016] Moreover, when the closed cell culture system 

10 of the present invention is used for cell culture of an in- 
jured part, and the injured part involves a relatively deep 
injury such as nerve cell rupture orthe like, less invasive 
access is desirable when culturing such nerve cells or 
vascular cells. To achieve such access, a puncture nee- 

15 die can be adopted. Consequently, the present inven- 
tion according to Claim 8 is a closed cell culture system 
of an aspect wherein a cell culture space is created with- 
in an organ or deep inside the body cavity by a combi- 
nation of a puncture device and a balloon catheter. 

20 [0017] That is. proliferation of nerve tissue cells or 
vascular tissue cells requires that a space be main- 
tained in which they can proliferate. To create such a 
space the target site in the body is reached by a combi- 
nation of a puncture needle and a balloon catheterwhich 

25 is passed through the lumen, and the balloon is inflated 
to create a space suited for proliferation of the target 
cells. This is also characterized in that it can effectively 
deposit a bioabsorbable material at the injured part. 
[0018] It is also possible in the case of the liver, pan- 
so creas, kidneys and other parenchymal organs to create 
a culture space by the same methods and culture the 
target cells within each organ, thus proliferating within 
an organ with dysfunction or depressed function cells 
having better functional structure than cells cultured by 

35 external cell culture techniques. 

[0019] The present invention also provides a method 
capable of administering a drug which is effective for 
purposes of cell culture in an injured part. That is, in the 
closed cell culture system provided by the present in- 

40 vention, the optimal culture components for proliferation 
of the various cells can be substituted, and cell prolifer- 
ation factors and vascular proliferation factors which fur- 
ther promote healing can be added to the perfusion and 
perfused in the defection. Consequently, the present in- 

45 vention according to Claim 9 is also a method of admin- 
istering a drug by dissolving a therapeutic drug in a per- 
fusion using the closed cell culture system according to 
Claim 1 and thus promoting treatment of a defection. In 
order to prevent problems due to mixture of incompati- 

50 ble drugs when the therapeutic drug is changed, an in- 
termittent negative pressure cycle is applied to the 
closed system in such cases so that the perfusion cir- 
culating through the cell culture space in the closed en- 
vironment is actively replaced, allowing the drug solu- 

55 tion to be uniformly and efficiently exchanged. 

[0020] Drugs which can be administered in this case 
include disinfectants, local anesthetics, anti-phlogistics 
and analgesics, antibiotic preparations, peripheral va- 
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Key 
[0024] 

5 1 Closed cell culture system 

2 Defection in body tissue 

3 Surgical film 

7 Bioabsorbable material to be embedded 

20 Closed cell culture system 

10 23 Dressing film 

24 Double discs 

25 Foundation biomaterial 

26 Cell proliferation site 
30 Puncture needle 

15 32 Balloon 

33 Bioabsorbable material 

34 Double lumen catheter 

40 Perfusion bag 

41 3-way stopcock 

20 42 Flow rate regulator 

43 Closed cell culture container 

44 Pump 

45 Discharge 

46 Patient 

25 47 pH and gas monitor 

48 Gas exchanger 

51 Constant pressure continuous suction device 



sodilators, various cell proliferation factor preparations, 
nerve proliferation factor preparations, vascular prolifer- 
ation factor preparations (or various cell proliferation 
suppression factor preparations when cancer cells are 
removed), immunosuppression preparations and the 
like. 

[0021] In addition to such drugs, various cell adhesive 
molecules such as fibronectin, hydronectin and the like 
can be added to the perfusion. Genes can also be intro- 
duced, and examples of such genes include naked 
DNA, adenovirus vector genes, retrovirus vector genes, 
liposome encapsulated genes, hydrogel encapsulated 
genes and the like. 

[0022] The invention according to Claim 10, which is 
a different mode of the present invention, is a method 
of cell transport and proliferation whereby cells from the 
patient are first collected, cultured and proliferated in vit- 
ro, then suspended in a perfusion and returned to the 
closed culture system via the perfusion system so as to 
provide therapy by means of a cell culture of the injured 
part while promoting healing of the injured part in con- 
junction with culture proliferation and take by tissue cul- 
tured in vitro. 

DESCRIPTION OF DRAWINGS 
[0023] 

Figure 1 is a typical simplified exploded viewfor ex- 
plaining the closed cell cultured system of the 
present invention. 

Figure 2 is a simplified cross-section showing the 
closed cell culture system of the present invention 
accessed from the body surface. 
Figure 3 explains the concept of cell proliferation by 
the system of the present invention for cell prolifer- 
ation in the case of nerve cell rupture, which is a 
deep internal injury. 

Figure 4 explains the concept of cell proliferation by 
the system of the present invention for cell prolifer- 
ation in the case of nerve cell rupture, which is a 
deep internal injury. 

Figure 5 explains the concept of cell proliferation by 
the system of the present invention for cell prolifer- 
ation in the case of nerve cell rupture, which is a 
deep internal injury. 

Figure 6 explains the concept of cell proliferation by 
the system of the present invention for cell prolifer- 
ation in the case of nerve cell rupture, which is a 
deep internal injury. 

Figure 7 is a typical explanatory drawing of a case 
of multiple perfusions circulated by means of the 
closed cell culture system of the present invention. 
Figure 8 is a typical explanatory drawing of a case 
in which a perfusion is circulated by the closed cell 
culture system of the present invention using a con- 
stant pressure continuous suction device, an infu- 
sion bag and an infusion tube circuit. 



DETAILED DESCRIPTION 

30 

[0025] The closed cell culture system provided by the 
present invention is explained in detail below with refer- 
ence to the drawings. 

[0026] Figure 1 is a typical simplified exploded view 

35 explaining the closed cell cultured system of the present 
invention. That is, fundamentally the closed cell culture 
system (1 ) provided by the present invention is charac- 
terized in that a defection (2) of a tissue on the body 
surface or inside the body is tightly sealed to form a 

40 closed environment free from the invasion of bacteria, 
etc. and then a solution appropriate for cell culture is 
circulated in the tissue defection thus sealed to thereby 
regenerate the defective tissue. 
[0027] More specifically, in the closed cell culture sys- 

45 tern (1) provided by the present invention (which in the 
figure is shown not closed, but in a typical expanded 
view) a closed environment free from the invasion of 
bacteria and the like is created by means (3) (a surgical 
film or other adhesive sheet in the figure) which seals 

50 defection (2) of a tissue on the body surface or inside 
the body, namely by covering and sealing defection (2) 
of a tissue on the body surface with surgical film (3) to 
create a closed environment; and a solution appropriate 
for cell culture is introduced into the closed tissue de- 

55 fection (2) through perfusion introduction tube (10) (in 
the direction of arrow A in the figure) and perfused to 
perfusion discharge tube (11) (in the direction of arrow 
B in the figure). 
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[0028] The perfusion which is perfused through sys- 
tem (1 ) by perfusion introduction tube (1 0) soaks for ex- 
ample into epidermal bioabsorbable material (6) via disc 
2 (5). from whence it further soaks into embedded bio- 
absorbable material (7), which is embedded in the tissue 
defection (2) below, providing the cells in tissue defec- 
tion (2) with an environment suited for cell proliferation 
so that cell proliferation can proceed efficiently. 
[0029] Subsequently, the perfusion which has soaked 
into embedded bioabsorbable material (7) to fill tissue 
defection (2) passes through the space between disc 1 
(4) and disc 2 (5) and is discharged through perfusion 
discharge tube (11) on disc 1 (4), completing perfusion. 
[0030] The two disc layers, disc 1 (4) and disc 2 (5) in 
thesystem, may be any with a structure capable of hold- 
ing perfusion introduction tube (10) and perfusion dis- 
charge tube (11) ; respectively, and they may be formed 
as a whole with the tubes from a material such as non- 
water-permeable plastic or the like. 
[0031] As explained above, by circulating a perfusion 
into the closed environment of a tissue defection 
through system (1) of the present invention, it is possible 
to efficiently promote cell proliferation in the tissue de- 
fection by means of a bioabsorbable material which pro- 
vides a foundation for cell adhesion, and once cell pro- 
liferation is complete the bioabsorbable material which 
forms the foundation is broken down and absorbed and 
the tissue of the defection is regenerated under sterile 
conditions. 

[0032] Figure 2 is a simplified cross-section showing 
the closed cell culture system (20) of the present inven- 
tion accessed from the body surface. That is. in the case 
of an external injury, bum, bed sores or other injury, bod- 
ily tissue including the epidermis (21) and dermis (22) 
is defective, and the injured part is exposed at the body 
surface. In this case, the 2-disc wound surface adapter 
(24) of the closed cell culture system (20) of the present 
invention together with a dressing film (23) is applied to 
the surface of the injury, and a perfusion is perfused. 
Even in this case, a cell proliferation site (26) having an 
embedded bioabsorbable material as a suitable founda- 
tion biomaterial (25) can be created to promote tissue 
proliferation in tissues requiring tissue proliferation. 
[0033] In this case, the perfusion is perfused into the 
injured part through perfusion inlet (28) in the center of 
the closed tissue culture system (20) to reach the foun- 
dation biomaterial (25) which is a bioabsorbable mate- 
rial, around which it is dispersed. It then passes from the 
periphery (27) through the gap between the two discs 
(24), and is expelled as discharge from perfusion outlet 
(29). 

[0034] Consequently, invasion of bacteria or the like 
is prevented because the surface of the injury is sealed, 
and cell proliferation in the injured part is effectively 
achieved through the use of a perfusion and a founda- 
tion biomaterial. 

[0035] The size of the closed tissue culture system of 
the present invention for accessing the surface of the 



body can be designed at will to match the size of the 
individual injured part. Consequently, in the case of an 
extensive burn or the like, a combination of multiple 
closed tissue culture systems of the present invention 
5 having two disc layers can be matched to the size and 
shape of the bum, and perfusion perfused through each 
system simultaneously to improve effectiveness as in 
the case of single use. 

[0036] In cases such as nerve cell rupture or rupture 
10 of vasculartissue in which cell proliferation is performed 
in an injured part relatively deep in the body, a closed 
cell culture system employing a puncture needle is em- 
ployed because less invasive access is desirable. Spe- 
cifically, a space for proliferation of nerve tissue cells or 
15 vasculartissue cells can be created through a combina- 
tion of a puncture needle and a balloon catheter which 
is passed through the lumen, after which the foundation 
biomaterial is deposited in the site expanded by the bal- 
loon and perfusion is circulated through a perfusion 
20 catheter. The puncture needle in this case is constructed 
so as to be capable of bending flexibly and of depositing 
the catheter according to the injured part where cells are 
to be proliferated. 

[0037] The concept of cell proliferation in the system 
25 of the present invention for proliferating cells in an in- 
jured part relatively deep in the body, such as a nerve 
cell rupture, vasculartissue rupture or the like, is shown 
in Figures 3 through 6. That is, a puncture needle (30) 
such as that shown in Figure 3 is inserted through the 
30 skin surface, the tip is guided to the part where a space 
for cell proliferation is to be constructed, a balloon cath- 
eter (31 ) is exposed through the tip of the puncture nee- 
dle as the tip of the puncture needle is withdrawn, and 
balloon (32) is inflated. 
35 [0038] Next, once a space (space in tissue) for cell 
proliferation has been created by inflation of the balloon, 
the balloon is deflated and only the balloon catheter is 
withdrawn as shown in Figure 4. A bioabsorbable ma- 
terial (33) which will provide a foundation for cell prolif- 
ic eration is then inserted through the lumen of puncture 
needle (30). The bioabsorbable material can also be 
placed via the puncture needle using a catheter already 
present in the lumen. 

[0039] Once the bioabsorbable material which pro- 
45 vides a foundation for cell proliferation has been depos- 
ited in the injured part and the catheter for embedding 
the bioabsorbable material has been withdrawn, a dou- 
ble lumen perfusion catheter (34) for supplying per- 
fusion appropriate to cell proliferation is inserted as 
50 shown in Figure 5, the puncture needle is withdrawn 
from the body leaving only the perfusion catheter (34), 
the perfusion inlet (35) and outlet (36) are attached to 
the perfusion system, and perfusion is initiated. Atypical 
view of this situation is shown in Figure 6. 
55 [0040] As described above, by using the closed cell 
culture system of the present invention it is possible to 
tightly seal a defection of a tissue on the body surface 
or inside the body to form a closed environment free 
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from the invasion of bacteria, and proliferate cells in the 
defection by circulating a solution appropriate for cell 
culture in the tissue defection thus sealed, thereby re- 
generating the tissue. 

[0041] Moreover, in the closed cell culture system pro- 
vided by the present invention it is possible by varying 
the components of the circulated solution at each stage 
to construct a cell proliferation environment suited to an- 
algesia and disinfection of the defection and to each tis- 
sue to be regenerated. For example, a method which 
can be used therefor, as shown in the typical simple view 
of Figure 7, is to pass multiple types of cell culture per- 
fusion from multiple containers (40) (2 in the figure) 
through a 3-way stopcock (41 ) capable of switching the 
type of perfusion, controlling the flow rate by means of 
a flow rate regulator (42), and once it has perfused 
through a closed cell culture system (closed culture con- 
tainer) (43) on the patient (46), discharge the perfused 
culture liquid via a pump (44) to a discharge container 
(45). 

[0042] I n this case, the discharge rate of the pump can 
be controlled using a pressure sensor for example, thus 
maintaining a constant pressure in the target injured part 
where cell proliferation is performed. 
[0043] When multiple perfusions are used, it is possi- 
ble not only to simply perfuse multiple components ap- 
propriate to cell proliferation, but also to perfuse disin- 
fectants for disinfecting a contaminated wound or anti- 
biotics for suppressing proliferation of bacteria at the in- 
itial stage, and also to supply perfusion containing var- 
ious cell proliferation factors, nerve proliferation factors, 
vascular proliferation factors (or various cell prolifera- 
tion suppressing factors when cancer cells have been 
extracted) and the like. 

[0044] A perfusion containing local anesthetics, an- 
tiphlogistics and analgesics, antibiotics, peripheral va- 
sodilators, immune suppressors and the like can also 
be perfused to achieve effective therapy. 
[0045] Moreover, the pH, carbon dioxide gas partial 
pressure and oxygen partial pressure within the culture 
environment all vary as cell culture progresses. Conse- 
quently, the closed environment which is the culture en- 
vironment should constantly be maintained as an opti- 
mal environment for cell culture. To this end, a monitor 
(47) is provided which measures and monitors physical 
factors in the culture liquid in the closed environment, 
namely pH, carbon dioxide gas partial pressure and ox- 
ygen partial pressure by means of a sensor, and a gas 
exchanger (48) installed at the inlet to the culture envi- 
ronment is controlled by means of signals from the mon- 
itor, so that the gas partial pressure of the closed envi- 
ronment can be adjusted in real time according to 
changes in the culture liquid, thus optimizing the cell cul- 
ture environment. 

[0046] The closed cell culture system provided by the 
present invention is also capable of perfusing a per- 
fusion appropriate for cell culture using a constant pres- 
sure continuous suction device, infusion bag and infu- 



sion tube circuit commonly used in hospitals. A typical 
simple view of this is shown in Figure 8. The symbols in 
Figure 8 are used in the same way as in Figure 7. 
[0047] In Figure 8, the basic concept is the same as 

5 that of the system shown in Figure 7, with the difference 
that the part which discharges perfused culture liquid to 
a discharge containerviaapump in Figure 7 is replaced 
by a part connected to a constant pressure continuous 
suction device (51) commonly used in hospitals. 

10 [0048] As described above, with the present invention 
once necrotic tissue and other unnecessary matter has 
been removed from the opening of a defection, a bioab- 
sorbable material which provides a foundation for cell 
proliferation can be embedded in the defective space 

15 and the defection closed off from the outside, and by 
circulating a solution appropriate for cell culture through 
the closed space it is possible to efficiently proliferate 
cells of the defection in situ and regenerate tissue. 



[0049] Specific cases of cell proliferation of the 
present invention are explained below through exam- 
ples. 

25 

Example 1 : Treatment of an injured part after graft skin 
harvesting surgery 

[0050] Bleeding from the wound surface after harvest- 
30 jng was quickly stopped using fibrin spray, and the pe- 
riphery was disinfected. Next, after the concave area 
was filled with collagen beads an open cell collagen 
sheet having holes in the middle was formed somewhat 
larger than the wound surface and placed over the 
35 wound surface. A two-layer adapter was also placed on 
top after being shaped in the same way as the collagen 
sheet, and a surgical film having openings only at the 
inlet and outlet of the adapter was applied to form a 
closed space of the collagen beads and sheet. When 
40 there was pain at the harvesting site, the local anesthetic 
xylocaine was circulated through the closed space to- 
gether with a plasma preparation containing a mixture 
of three antibiotics, and three hours later the local an- 
esthetic and antibiotics were stopped and perfusion was 
45 switched to basic fibroblast growth factor (bFGF). 
[0051] Dermal layer tissue was harvested separately, 
and fibroblast cells which had been carefully float cul- 
tured in vitro in fetal cow serum were perfused in ex- 
change for patient serum. Cell transplantation was per- 
50 formed by injecting this opaque cell solution into the 
closed culture container through the lower 3-way stop- 
cock of a perfusion bag. Next, once cell proliferation of 
the dermal cells was complete epidermal growth factor 
(EGF) was substituted for the bFGF, and epidermal cells 
55 were cultured until they matched the surrounding skin 
surface. 



20 Examples 
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Example 2: Neural reconstruction of a ruptured nerve of 
the thigh 

[0052] A puncture needle capable of bending flexibly 
was inserted so as to reach both ruptured ends of a rup- 
tured nerve. A balloon was selected of a length to reach 
both ruptured ends of the nerve, a balloon catheter was 
inserted through the puncture needle and the balloon 
inflated to create a space between the ruptured ends of 
the nerve. 

[0053] A bundle of parallel collagen fibers to provide 
a foundation for nerve growth in the space was inserted 
by a catheter contained in a lumen. A fine perfusion 
catheter was then substituted for the catheter and the 
puncture needle was withdrawn, leaving only the per- 
fusion catheter. 

[0054] 1 0-8 moles of nerve growth factor were added 
to serum obtained from the patient's blood, perfusion 
was initiated, and a circulating circuit was substituted at 
the point at which no more air came out. 
[0055] A slight positive pressure was maintained dur- 
ing perfusion so that the space between the severed 
ends of the nerve would not collapse. Once the cells had 
grown sufficiently the perfusion catheter was withdrawn 
to complete the process. 

Example 3: Treatment of a severe burn 

[0056] After skin, dead tissue and the like had been 
excised from a severe burn on the abdomen , the surf ace 
of the burn was covered with a collagen fiber sheet, and 
a 2-layer perfusion adapter was then attached thereup- 
on. The surface of the wound was first disinfected with 
an isotonic plasma extender containing povidone-io- 
dine. 

[0057] A human plasma preparation with osmotic 
pressure made similar to that of the burn surface was 
perfused to suppress loss of bodily fluid by the patient 
from the burn surface. An antibiotic injection was also 
added to prevent infection, and if the patient complained 
of pain the local anesthetic xylocaine was injected into 
the perfusion for pain relief. 

[0058] Once the patient's condition had stabilized ad- 
ministration of xylocaine and antibiotics was stopped 
and fibroblast growth factor (bFGF), platelet derived 
growth factor (PDGF), epidermal growth factor and oth- 
er cell growth factors were added to the perfusion. Once 
the epidermis had sufficiently proliferated on the wound 
the closed cell culture container was removed and the 
wound surface exposed to air while awaiting further 
healing. 

Example 4: 

[0059] A catheter introducer equipped with a puncture 
needle was inserted into a rabbit liver under observation 
by ultrasound tomography. The puncture needle was 
withdrawn, leaving the introducer sheath, a Fogarty 



thrombus removal balloon catheter was inserted in its 
place, and the balloon was inflated to a diameter of 
about 2 cm to secure a space for cell culture in the liver. 
The balloon was deflated, the Fogarty catheter was 

5 withdrawn, and a teflon tube containing cottony collagen 
fiber pellets was inserted into the culture space, which 
was then filled with the collagen fiber pellets. The teflon 
tube for inserting the collagen was withdrawn, a double 
lumen for perfusion was placed so that the perfusion 

10 openings were in the culture space, and the catheter in- 
troducer sheath was withdrawn leaving only the double 
lumen catheter, which was fixed to the skin by suturing 
and also by external catheter fixing film. 
[0060] Serum prepared from the blood of the same 

15 rabbit was perfused into the cell culture space while liver 
cells were cultured inside the rabbit liver for 30 days. 
[0061 ] After 30 days of treatment, the rabbit was sac- 
rificed, and autopsy of the treated liver revealed prolif- 
eration of liver cells within the collagen fibers. 

20 [0062] As described above, an advantage of the 
closed cell culture system of the present invention is that 
a defection is closed off from the outside to prevent in- 
fection by bacteria orthe like, and a solution appropriate 
forcell culture is circulated in the closed partto efficiently 

25 proliferate cells of the defection in situ so that tissue can 
be regenerated. 

[0063] Another advantage is that by varying the per- 
fusion, growth factors or therapeutic drugs can be ad- 
ministered to the target site, thus ensuring more effec- 
30 tive tissue regeneration. 



Claims 

35 1. A closed cell culture system characterized in that 

a defection of a tissue on the body surface or inside 
the body is tightly sealed from the outside to form a 
closed environment free from the invasion of bac- 
teria, and a solution appropriate for cell culture is 
40 circulated in the tissue defection thus sealed to 
thereby regenerate the defective tissue. 

2. The closed cell culture system according to Claim 
1 , wherein a bioabsorbable material is embedded 

45 in the closed environment to promote regeneration 
of the defective tissue cells. 

3. The closed cell culture system according to Claim 
1 or 2, wherein the solution appropriate for cell cul- 

50 ture is serum isolated from the patient's blood, a 
blood preparation, platelet concentrated serum, a 
serum fraction preparation, a blood protein fraction 
component solution, a plasma expander, an osmot- 
ic pressure isotonic infusion or a cell culture medi- 
55 urn. 

4. The closed cell culture system according to any of 
Claims 1 through 3, wherein a cell proliferation en- 



50 



55 
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vironment suited to analgesia and disinfection of the 
defection and to each tissue to be regenerated is 
constructed and programmed by varying the com- 
ponents of the circulating solution at each stage of 
treatment. 5 



5. The closed cell culture system according to any of 
Claims 1 through 4, wherein a gas exchanger con- 
nected to a monitoring device which measures pH, 
carbon dioxide partial pressure and oxygen partial 10 
pressure in the closed environment is incorporated 
into a circuit connected to the closed environment, 
and the cell culture environment is optimized by au- 
tomatically adjusting the gas concentrations based 

on signals from the monitoring unit. *5 

6. The closed cell culture system according to Claim 
1 , wherein the pressure inside the closed environ- 
ment is continuously or intermittently controlled. 

20 

7. The closed cell culture system according to Claim 
1 , comprising a circuit for perfusing a perfusion the 
osmotic pressure of which has been adjusted exter- 
nally. 

25 

8. The closed cell culture system according to Claim 
1 or 2, wherein a cell culture space is created within 
an organ or deep inside the body cavity through a 
combination of a puncture device and a balloon 
catheter. 30 



9. A method of administering a drug which promotes 
treatment of a defection wherein a therapeutic drug 
is dissolved in a perfusion using the closed cell cul- 
ture system according to Claim 1 . 35 

10. A method of cell transport and proliferation for pro- 
moting healing of the injured part, whereby cells 
from the patient are first collected, cultured and pro- 
liferated in vitro, then suspended in a perfusion and 40 
returned to the closed culture system via the per- 
fusion system so as to provide therapy by means of 

a cell culture of the injured part while, in conjunction 
therewith, culture proliferation and take are per- 
formed by adding tissue cultured in vitro. 45 
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Claims 1 to 8 

The inventions as set forth in the above claims, a "closed cell culture 
system" is specified merely by procedures , i.e., "tightly sealing a 
defection of a tissue on the body surface or inside the body" , "circulating 
a solution appropriate for cell culture" or "regenerating the defective 
tissue". Therefore, it is unknown whether the claimed inventions are 
inventions of product or inventions of process. 

Provided that these inventions are inventions of process, the 
inventions according to the above claims of the present case pertain 
to methods for treatment of the human body by therapy and thus relate 
to a subject matter which this International Searching Authority is not 
required, under the provisions of Article 17(2) (a) (i) of the PCT and 
Rule 39.1 (iv) of the Regulations under the PCT, to search. 

In this report, therefore, an examination was made by referring these 
inventions as to inventions of product . In this case, the specific 
structures of the products involved in the above claims cannot be 
specified. Thus, these claims fail to fulfill the requirement of 
clearness as defined in PCT Article 6. 



Form PCT/ISA/210 (extra sheet) (July 1998) 



17 



